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A method is described for the determination of aromatics and 
olefins in petroleum fractions with wide-boiling rsnges by 8 com- 
bination of sulfonation, chromatography, and specific dispersion. 
Chromatography is used to separate the sample 3nto a pure nonaro- 
ma-tic, an intermediate, and 8 pure aromatic fraction. Tot81 aro- 
matics are found as the sum of the pure aromatic fraction and the 
volume of aromatics in the intemdi8te fraction as determined. by 
specific dispersion. Sulfonation yields the percentage of olefins 
plus arcmatics aud the percentage of oleffns is deternrined by dif- 
ference. Lees than8 hours ezerequiredpersnalysis. Themethod 
has been checked on blends of pure hydrocarbons ard h8s been fomd 
to yield fnaccuracies of less than 1 percent in the detemLnation 
of olefins and emm8t5.ce. 

INTRODUCTION 

In order to understand more fully the effect of fuel variables 
in aircraft propulsion systems, it is often necessary to determine 
the concentration of olefin and aromatic hydrocarbons in petroleum 
products that are used as fuels. The no& recent turbojet fuel spec- 
ification (AR-F-588) CsIllS for a tide-boil~ofilel with 5 to 7 pound8 
per square inchReid vapor pressure and. a 600 F marimm errd point. 
Aramatics up to 25 percent and olefins eqtimlent to a 30 brc&ne 
number sre petitted. 

A review of the available literature made at the NACA Lewis lab- 
oratoryshowedthatthefoll~ge~~methoas ofamlysismight 
be applied to fuels of the AR-F-!38a type: 

In the A.S.T.M. pvcedure D 875-46 T (reference 1) in whLch 
olefins aud axcmatics are absorbed byz a mixture of mlf'uric acid and 
phosphorus pentcaride,olefins are calcul&edfraPnbrmine nm@er end 
a.rmatics are obtained by difference. The concentrations of pmef%ns 
snd cyclopszaffins can slso be estimated from the older A.S.T&.method. 
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ES-4Sa (reference 2) using refractivity intercept and the density of 
the raffiaate from the eulfonation. Although the accepted method of 
analysis under the AN-F-58a specifications is the A.6.T.M. method, 
occasionaJly inaccurate results will be obtained by the use of this 
procedure. The greadxgt weaknees of thie method appears to be in the 
calcul.ation of the percentage of olefins from brcanine number and the 
molecular weight, where the average molecular weight of the olefins 
should be used and not the molecular weight of the tot&L sample. The 
molecular weight is estimated from the 50-percent boiling point of the 
tot& semple in the A.S.T.M. procedure, which often results in sub- 
stantial error8 in the CalcuJation of the percentage of olefins. 
Errors In percentage of olefUs are also reflected as equal errors of 
opposite eign in the determination of the percentage of eramatice by 
the A.S.T.M. procedure. 

The A.S.T.M. silica-gel method D 936-47 T (reference 3) applies 
to fuels containing leas than 1 percent olefins and therefore does not 
cover the AN-F-58a specifications. 

Another general method relies on chrasnatography alone to split 
eemples into paraffin and cyoloparaffin, olefin, and -tic frac- 
tiona . Mair (reference 4) and Dinneen (reference 5) proposed this 
type of analytical separation. Both &OTT its effectiveness on rela- 
tively smle blends and Dinneen else gives data on shale oil naphthas 
(reference 5). Althoughgood separations ere obtained onmulticom- 
ponent blends of pure hydrocarbona, en olefin plateau is not obt~d 
in the chrcaaatographic fractionation of the complex fuels when smsll 
amounts (10 percent or less) of olefins are present. Thie method is 
therefore not universally applicable to fuels meeting the AN-FS8a 
specificatfonfi. 

Grosse end Wackher (reference 6) developed a method for the deter- 
mination of -tic hydrocarbons in fuels based on the measure ment of 
the specific dispersion of the sample. The relative uncertainty of 
the method on turbojet-type fuels lies in the inaccuracy of the olefin 
determination end in not knowing the specific dispersion of the ero- 
matics present in the fuel. 

Conrad (reference 7) developed a rapid method for the deteumina- 
tion of aromatic ccsqounds in fuels of the gasoline and kerosene range 
based on chrcmatography and ultraviolet stimulated fluorescence. 
Limited experience with this method U shown it to be less reliable 
as the ccqlexity of the ercsxztics and the olefinic content increase, 
as is the CUB tith AN-F-58a fuels. Also, @ovieion is not made to 
obtain fractzkons of saturates br -tics on which further studies 
canbemade. 
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AlthaW the pocedure of Kurtz and others (reference 8) is rec- 
cmmnded Por the analysis of samples having end points no higher then 
437O F,oit is mkble that the'mthd could be -ied to include 
the 600 F end-point fnels. The method requires 8 fractional distil- 
lation sxxl the deterrmination of the volmne percen%age absorbed by 
s~ic acid - phos-ghorw pent&de, brcsninemmber,specificdis- 
pBrsion, and the percentage of olefins by the nitrogen-tetroxide 
methcd on each of the fractions. A~frcmtheuncerteinty~~~to 
whetherthemethcd couldbe extendedtothe 
the principal. objection to this pcedure is the necessity of running 
a fractionel distillation, which requires aboub 24 hours, and the rel- 
ativ-ely l&rge nmber of deteminations that must be made on the many 
distillation fm.ctions. 

Amethcdthak ham beeninuse attheLewisleLbom.toryfm mer 8 
year and has appeared quite satisfactory uses chrmatography to sepa- 
rate 8 no nmmatic fraction, &II ir&emedIate fraction, end a pure sro- 
m&tic fraction. In order to m&e the separation more appemnt, 
Pmasheen was used as recommended by Conrad (reference 7). The per- 
centage of arma.tics in the inte~diate fraction is then determined 
bz the specific-dispersion method of Grosse and We&her (reference 6). 
Although high precision cannot be obtaLned in the malysis of tide- 
boiling fuels by this method, the inaccuracies ere confined to only a 
mall. part (about10 percent) of the whole fuelandthe error inthe 
aaalysis of the tots2 fuel is anLy about 10 percent of what it might 
~~sb~nm~~he exmatics in the total sample been detemined by 

. The percentage of olcfins is obtained by the dif- 
ference between the tot&L olefins and aromatics fkam the A.S.T.M. 
mlfonation (D 875-46 T) procedure s&. the srcmatics as determined 
by the proposed procedure. An scmwtic fmction is also obtained., 
whichcenbe further characterized, ifdesir&,andpamffine and 
cyclopsr&fUs cm be detem&md on the sulfonation r&fin&e (ref- 
erence 2). 

This method for de-beaning ezcmatics and olbfins in jet-type 
fuels is described herein and supporting data onmlticcmponent 
blends are given. Sane results ontgpicsl turbojet-type Rzels eze 
also included. 

The apparatus ex&thematerials~.~~~edinthis deteminatfonare 
8sfollowB: 

1. A pyrex glass adsorption column as described in A.S.T.M. 
method D 936-47 T (reference 3) without the stopcock end grou&- 
glass joint at the bottcm. 
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2. Activated silica gel 28-200 mesh. Finer than 200~mesh gel may 
also be used with similar results, but the analysis will require a 
greater length of tims. The Davison Chemicel Corporation, Baltimore, 
Md. 

3. Graduated mixing cylinders; 100-, 2S-, and lo-milliliter sizes 

4. Sulfonation bottles, Rittible No. l.5125 

5. Refractaneter capable of measuring I-+,-% values to O.OpO2 

6. Mercury arc ultzaviolet bmp, mh as,model 16200, manufac- . 
t~d~HanoviaChemica3&McYlufact~~C~~,N~~k,N.3. 

7. Isopropyl elcohol,.c.p. .-de. B.&e. ssmple is.suspected of 
containing high-molectLLar-weight arcxaatics, Caxbitolusea w the 
eluent will desorb eheae aromatics mxxe ccqletely. 

8. Acidified cd~ium choloride solution. (450 g/liter + 20 ml 
concentmked hydrochloric da) 

9. ParasheenO ~~Camp~,P~~owseiLesDep~~t,chemical 
Producte, 26 Broadway, New York 4, N. Y. 

PRO- .* 

The column, thoroughly cleaned and dried, was filled with acti- 
vatea eilica gel and pama folkwing the A.S.T.M. m~thcd (refer- 
ence 3). A lCO-milliliter saple contabing two drops of Parasheen 
was bw0du00a intO the reservoir i3d al&wed to percolate into the 
gel. Inorder to insure the campletetransferofthe sample, the 
flask was rinsed ~5th 2 or 3 milliliters of eluent (isopropyl Kbxhol) 
and the rinse addedtothe reservoir rzlansdiat&yafterallth~ first 
portion of the sez&te had been adrjorbed on the silica gel. When the 
rinse was completely adsorbed, the reservoir was filled with eluent 
and an air pres6ure of 3 to 10 pounds per square inch applied to main- 
tadn the desired rate of descent (7 to 13 mm/min). Additional eluent 
W&B added when necessary so aa to keep the gel covered. In the ss@.es 
where the amanatic content was under 10 percent, 90 xnillilitere of the 
ample wwe takenandlOmilliliters of pure ieopropyl~nzene added. 

When ths aaq@.e w about to issue frm the bottom of the colurrm, 
a glass-stoppered LOO-miililiter gpdmt8a mixing cylinder was placed 
underths coltmmto receive the nonrtKsna tic lEkaction. These receivers 
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were packed in ice to reduce evapatton losses of the volatile com- 
ponents. As the column was not equipped with a ground-glass joint 
to accommodate thifl type of receiver, a tight seal was maintained 
by sJZio&ng the weight of the column to rest directly on the receiver 
tith a little glass wool serving as a gas'at. This connection was 
not airtight and therefore provided the necesssrg ventwhile keeping 
evaporation losf3es RmFt.'l_l. 

. 
As the Fractionation ‘-86ea, the leading edge of the aro- 

matic portion was located by using ultraviolet light in a dsrk rocm 
(or in a suitable dark box). The Psrasheen tracer sllowea this edge 
tobe followedquIte easily. Althoughthe edge wasfoundtobe qtite 
shsrp for sample8 havln& low olefin content (5 percent or less), it 
became less distinct as the olefin concentration increased. 

When the bresk point approached the column tip to within 5 centi- 
meters, the cylinder receivfng the nonsromatic fraction was replaced by 
a lO-mil.liUter graduated cylinIer. A lO-mIlliliter intermediate 
fraction w&8 then t&an, which contained a sample fram either al&e of 
the break point. The receivers were sgain chsnged and the major sro- 
matic fraction up to 2 centtiters of the alcohol-sromatic break 
point, which was alwsys visibie, was removed. A final lo-milliliter 
fraction, including the remaining sromatics mixed Hith alcohol, was 
collected in a sulfonation bottle and the alcohol removed by washing 
with acidified calcium-chloride solution until the volurns of the sro- 
matics mmi3h0a constant (usually three washings). The washing was 
accomplished by adding calcium-chloride solution to the bottle so 
that the level of the liquid was in the graduated neck, shaHng the 
roJxture into an emulsified condition, and centrifuging until the 
mixture separated into two layera. The spent calcium-chloride solu- 
tion was removed by inverting the bottle, casefully loosening the 
stopper, and permitting most of the water solution to drain, leaving 
the aromatics in the bottle. Recovery of the sam@e wae found to be 
98 percent or better. The losses were assumed to be low-boiling 
paraffins, which escaped by evaporation. 

In order to ceJ.culate the volume percentqe of aromatics pre- 
sent in the sample, it is necessary to determine the srcmatics in the 
intermediate fraction because the inftisl fraction is pure nonsromatic 
and the subsequent cuts sre pure eratics. The method employed is 
based on the measurement of the specific dispersion of the cut on an 
ordinsry Abbe'refractometer: The weight p3rcentage of srcmatics in 
the cut is given by the equation of Grosse and %&her (reference 6). 
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6 
Weight percentsge of arcznatics = 

cut-(0.16 x brcdne number) -99 

6 sromatics - 99 

?F 
-n 

6 specific dispersion = a c x lo4 

and where 

?F refPactive index %asured at the wavelength of the hydrogen 
Flineandat20 C 

nc refractive index qasxred at the wavelength of the h;ydro@;en 
C line andat C 

d density at 20° C . 
Direct measurement of I$ and nc cannot be made but the Uf'fer- 
erence %-"c c-an be determined on the Abb/e refractometer. The 
speoific dispersion of the aromatics present in the cut can be 
obtained from figure 1 Imowing the A.S.T.M. SO-percent boiL&j 
point of the original sample (reference 6). In oases where 
isopropyl benzene was added, the speoific dispersion of the aro- 
matics was taken as 172.0 (reference 9). The bramine number ie 
found by using the A.S.T.M. method (reference 1). The volume per- 
centage of ararmatios fn the intermediate fraction can be calcu- 
lated using the equation 

Volume percentage of txrcmatics = 

1 

weight percentage of Et3?omatics x "cut a 
aromatics 

The density of the arcHp&tics, chosen ~EI 0.870 gram per milliliter, 
repesents an average of a series of typical single-ring aroma,tics we- 
sent in fu018. The total volume percentage of srauatics in the sample 
is equal to the sum of the aromatics in the intermediate cut plus that 
in the ammatic fraction and wad. 

In the cases where the see contained less than 10 percent 
aromatics and l.0 milliliters of ~so-propyl benzene were added, the 
volur0~ percentage of sramatfcs was corrected siy the equation 

(Volum p-ercentage of aratias -10) &$ = 

VOlUme pcmxxtage of arcaatics in Sample 

_ 

I 

. - 

-- 
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As deviously mentioned, the olefins plus aromatics are deter- 
mined on the origiusl sample by the stsndmd A.S.T.M. sulfonation 
method (mference 1) snd the olefins obtained by the difference between 
this vkLus aal that of the -tic6 -tima. 

The entire analytical ~'~>cedure requires less than 8 hours. 

If it is desired, the followiug infoxmatiou csn be obtained. 
The paraffins and cyclopmsffius csnbe cmqutedfromthe sulfo- 
uation rsffiuate (references 2 a& 10). The uqhthsleues can be 
determinedframthemajorar~ticfr~tion~~bythe ultra- 
violet spectrophotometric mthod of Cleaves and Carver (reference IJ.) 
and the average mmber of rings per molecule by the method'of Lipkin 
and Mm-tin (reference 121. 

Inorderto prove the accuracyofthemeth~,lOblendsofpar- 
affins, cyclo~affins, olefius, and a33xlatics covering the range of 
AN-F-58a specifications were amlyzed by this procedure. The stocks 
usea for the bleudiug were niTdazes of pure hydrocasbous representlug 
the followiug types: straight- and. branched-chain par&fins; cyclo- 
psxaffins; straight-.aud branched-chain olefirm, snd cycloolefius; 
aud si@e- and double-riug aromatics. Ths boiliug rsnge was from 180' 
to 580 F. Table I shows the ccsqosition of the stocks that were used. 
The paraffin stock was foucd to contain less' than 0.1 percent aromatics 
by the ultraviolet method of Cleaves (reference 13). A slow chrcmato- 
graphic fractionation through 2oO-mesh silica gel of a blend of 45.0 
milliliters of arcmatic stock sud 5.0 milliliters of certified isooctans 
indicated that the armstic stock contaiued less thau 0.3 percent of 
nonsminatic ccmponent6. Each of the olefins showed less than 0.1 per- 
cent srcmatics by the ultraviolet method (reference 13) and each had a 
branhenumber thatwaswithin2percent of the cslculatedvslue. The 
cmqmsition of the test blends is given in table II and it can be noted 
that ssxples contained fraaa O-to 20-percent olefius and O-to 25-percent 
arcmatics, representiug the specification limits. 

The results of the test-blend anslysis sze given iu table III. 
The aversge absolute error for ezcxwtics aud olefins was 5.3 percent. 
In table IV the results of snslysis of several jet-tm fuels sre 
listed. Fuel A is a refinery-sumied fuel, which meets AN-F-58a 
specifications. To this fueLwas added. 8 percent ofNo. 3 fwnace oil 
to give B fuel and 8 percentofNo. 3furnace oilplus percent of 
H@roformate bottcms to give C &fuel. The No. 3 furnace oil and the 
Bydrofomate bot+;ams were auslyzed by a slow percolation through 
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2OO-mesh silica gel. The furnace'oil was found to contaill 29.3-per- 
cent aromatics and the Qydxoformate 97.3~percent aromatics. Beth were 
free of oltifins; therefore the aromatic deter&nations wzre belieTed 
to be go&. Also listed in table N .z% the pepentaps of aromatics 
znd olefina found in these three fuels using the A.S.T.M. eulf'3nztim 
and bromine-number technique. Although the s-ma of the. aromatics and 
the olefins are substantiaU.y the same as those obtained by the pro- 
posed method, the olefins average 5.3 percent higher m-d the aromatics 
5.1 percent lower. These differences em largely due to inaccuracies 
in the molecular weights estimated by the A.S.T.M. procedure. These 
molecular weights wmre estimated at f%m 134 to l55 for these fuels, 
whereas fractional distillation followed by brunination of the fkac- 
tions showed that the true average molecula;r weights of the olefins 
were very close to 90. 

c 
-. 

The theoretical values given in table IV far fuels B and C are 
those calculatea frcm the determind percentages of olefins and sro- 
matics for fuel A and the md..ysis of heavy components that wem &Led 
toformthem. The agreeansntbetweenthe analyzed andthe calculated 
vslues show the method to be consistent at least for fuels containing 
heavy ccmponents. 

One of these fuels, fusl A, was dso analyzed in another labora- 
tory using fractional distillation prior to the detemrination of sro- 
matics and olefins in each fraction. Bythismoretim-consming 
method, 18.2~percent aswnatics and 9.0-percent olefins were found, 
which is in satisfactory egreeapsnt with the results given herein. 

In the method described here$n 8aape well-known t3nd.yt;im.l pm- 
cedscres were cabined to yiela a chrcnm~gra@ic pocedure for the 
and.ysis of arcmatics and olefina in tide-boiling petroleum fraction 
with the following advantsges: 

1. Accuracies of the order of 1 percent were obtained. 

2.The anslysisrequiredlessthm8hours. 

3.Onlyfourfractionsweretaken,amd of these, tmQtics,ldata 
were required onbutonetodeteminethe arcmatics in the fuel. 

LewlsFl~t ProgulsianLeLborato~, 
Nation&. Advisory Ccmtdttee fc@ Aeronautics, 

Cleveland, Ohio. 



NACA RM E5OD03 

REFERENCES 

1. .Anon.: Tentative Method of Test for Olefins and Aromatics in 
Petroleum Distillates. (Issued 1946.) A.S.T.M. Designation: 
D 875-46 T, Pt. III-A, 1946 Book of A.S.T.M. Standards, 
pp. 913-920. 

2. Anon.: Emergency Method of Test for Olefins, Aromatics, Par- 
affins, and Naphthenes in Aviation Gasoline (without Distilla- 
tion into Fractions). (Issued, March 19, 1945.) A.S.T.M. 
Designation: ES-45a, 1945 Supplement to A.S.T .M. Standards, 
pt. III, pp. 153-166. 

3. Anon.: Aromatic Hyckocarbons in Mixtures with Naphthenes and 
Paraffins by Adsorption with Silica Gel (Tentative), (Issued, 
Nov. 1948.) A.S.T.M. Designation: D936-47 T, 1948 Book of 
A.S.T.M. Standards, pp. 469-477. 

4. l&~ir, B. J.: Separation and Determination of Aromatic and 
Monoolefin Rydrocarbons in Mixtures with Paraffins and Naphthenes 
by Adsorption. Res. Paper 1652, Nat. Bur. Standards Jour. Res., 
vol. 34, no. 5, May 1945, pp. 435-451. 

5. Dinneen, G. U., Bailey, C. W., Smith, J. R., Ball, John S.: Shale- 
Oil Naphthas. Anal. C&em., vol. 19, no. 12, Dec. 1947, pp. 

. 992-998. 

6. Grosse, Aristid V., and Wackher, Richard C.: Quantitative Deter- 
mination of Aromatic Rydrocarbons by New Method. Ind. Eng. 
Chem. (And. ea.), vol. 11, no. 11, Nov. 1939, pp. 614-624. 

7. Conrad, A. L.: Determination of Aromatic Compounds in Petroleum . 
Products. Anal. Chem., vol. 20, no. 8, Aug. 1948, pp. 725-726. 

8. Kurtz, S. S., Jr., Mills, I. W., Martin, C. C., Harvey, W. T,, 
Lipkin, M. R.: Determination of Olefins, Aromatics, Paraffins, 
and Naphthenes in Gasoline. Anal. Chem., vol. 19, no. 3, 
March 1947, pp. 175-182. 

9. Ward, A. L., and Kurtz, 6. S., Jr.: Refraction, Dispersion, and 
Related Properties of Pure Hydrocarbons. Ind. Eng. Chem. 
(Anal. ea.), vol. 10, no. 10, Oct. 1938, pp. 559-576. 

10. Lipkin, M. R., Martin, C. C., and Kurtz, S. S. Jr.: Analysis 
fm Naphthene Ring in mtmes of Paraffins and Naphthenes. 
Id- Bg. Chem. (Anal. ea.), vol. 18, no. 6, June 1946, 
pp. 376-380. 



10 NACA RM E5ODo3 

11. Cleaves, Alden P., and Carver, Mildred S.: Application of an 
Ultraviolet Spectrophotometric Method to the Estimation of 
Alkylnaphthalenes in 10 Bxperimental Jet-Propulsion Fuels. 
HACA RM E6KO8, 1947. 

12. Lipkin, M. R., and Martin, C. C.: Calculation of Weight Per 
Cent Ring and Kmiber of Rings per Molecule for Aromatics. 
Ana&. Chem., vol. 19, no. 3, March 1947, pp.l83-189. 

13. Cleaves, Alden P.: Ultraviolet Spectr~chemical~Analgsis for 
Aromatics in Aircraft Fuels. XACA ARR ESB14, 1945. 



MACA F!M E50D03 
. 

. 

TABLE I - COMPOSITION OF STOCKS 

II 

Paraffin Volume Volume VblUll0 
cyaloparaffin percent 

stoak 
ArmatFo stook percent Olefin stook percent 

;-Heptane 12.5 Benzene 15.0 Ootene-1 33.3 

=-Decane 12.5 Toluene 15.0 Dilsobutylene 33.3 

Iso-octane 25.0 Xylenes 20.0 Cgolohexane 33.4 

Cyclohexane 12.6 Methglnapthalenes 25.0 
(aI @I 

4 
Methylayolohexane 12.5 Tetralin 25.0 

Deoalin 25.0 

100.0 100.0 100.0 

TABLE II - COMPOSITIOW OF TEST BLENDS 

Paraffin- Olefin Arcanatio 
3lend cgaloparaffin 

(volume percent) 
(volume percent) (volume percent 

1 75 0 2s 

2 70 5 2s 

3 65 10 25 

'4 55 20 25 

. 5 70 20 10 

6. 75 20 5 

7 60 20 0 

8 100 0 0 

9 90 5 6 

10 80 10 
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TABLE III - RESULTS OF THE BLEND ANALYSIS 

r 
Blend Volume peroent 

1 25.0 

2 25.0 

3 25.0 

4. 25.0 

5 10.0 

6 5.0 

7 0 

8 0 

9 5.0 

I.0 10.0 

I Aromatioe 

True 

Average error 

Found 

24.6 

25.0 

24.7 

~ 25.4 

10.2 

4.9 

.8 

0 

5.2 

10.3 

Percent 
error 

-0.4 

0 

- . 3 

.4 

.2 

- . 1 

.8 

0 

.2 

.3 

s.3 

Olefins 

Volume 

True 

0 

5.0 

10.0 

20.0 

20.0 

20.0 

20.0 

0 

5.0 

10.0 

)eroent 

Found 

0.2 

4.6 

10.0 

19.6 

20.2 

20,.3 

19.6 

0 

5.5 

10.0 

Percent 
error 

0.2 

- . 4 

0 

- . 4 

.2 

.?I 

- . 4 

0 

.5 

0 

ko.3 

TABLE IV - RESDLTS OF REFINERY FUEL ANALYSIS 

Aromatics Olefins 
(volume percent) 

A.S.T.H. 
(volume percent) procedure 

Fuel Theoretical Found Error Theoretioal Found Error Percent Percent 
aromatics olefins 

A (18.2) 18.2 ----- (7.2) 7.2 -w--w 14.0 11.5 

B 19.1 19.8 0.7 6.6 6.2 -0.4 14.5 11.5 

c 29.4 30.3 .9 5.7 5.4 - .3 24.0 12.0 

w-- 
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